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We show that the temperature dependence of the in-plane and c-axis resistivities between 100 and
300 K for the acceptor AlC13-graphite intercalation compounds can be obtained from the analysis of
the intensity and line shape of the resonance in a conduction-carrier spin-resonance experiment. The
results suggest a metallic and thermally activated hopping —'like character for the in-plane and c-axis
charge transport, respectively. The analysis of the resonance for pure graphite gives, within the ex-
perimental accuracy, the expected temperature dependence for the in-plane and c-axis resistivities,
and an almost-temperature-independent Pauli paramagnetic susceptibility. The temperature depen-
dence of the linewidth is attributed to the temperature dependence of both the carrier's mobility and
the ratio between the transition probability for spin flip due to spin-orbit coupling and the Coulomb
scattering. For stage-1 and -7 the resonance parameters reveal a phase transition at 210 and 168 K,
respectively.
INTRODUCTION
It has already been demonstrated that conduction-
carrier spin resonance (CCSR) is an excellent tool for the
study of graphite intercalation compounds' (GIC's) and
highly oriented pyrolytic graphite (HOPG). Drastic
changes in the resonance parameters have been reported
when HOPG is intercalated with either donor alkali-metal
atoms ' or acceptor halide molecules. ' Thus, a sys-
tematic study of these effects can make a valuable contri-
bution to a better understanding of the transport proper-
ties, band structure, phase transition, etc., in these highly
anisotropic systems.
In this work we report on the results of CCSR experi-
ments in the acceptor AlC13-intercalated stage-l, -2, -3, -4,
and -7 GIC's and HOPG from low (100 K) to room tem-
peratures. The measured g value and linewidth of the res-
onance can be interpreted in terms of band-structure ef-
fects and spin-orbit coupling between conduction carriers
and carbon m orbitals.
We show that for A1C13-GIC's the temperature depen-
dence of the in-plane [p, (T)] and the c-axis [p, (T)] resis-
tivities can be obtained from the temperature dependence
of the intensity and line shape of the CCSR. The ob-
served results indicate that the main contribution to the
in-plane and c-axis resistivities comes from the electron-
phonon scattering and a thermally activated hopping
mechanism, respectively.
In the studied temperature region, the temperature
dependence of the resonance intensity and line shape for
HOPG, are consistent with an almost constant Pauli
paramagnetic susceptibility and a weak thermally activat-
ed character for the c-axis conductivity.
Evidence for a phase transition in the stage-1 sample
has been obtained from the temperature dependence of the
resonance linewidth and line shape. We discuss this phase
transition in the light of our recent work concerning the
phase transition observed in the AlC13-intercalated stage-7
GIC sample.
EXPERIMENTAL
Single staged n-(n =1, 2, 3, 4, and 7) samples of
A1C13-GIC's were prepared using a conventional two-zone
vapor-growth technique as described by Gualberto et al.
Quartz tubes of 4 mm i.d. and a 0.5 mm wall appropriate
for the CCSR experiments were used for sample prepara-
tion. Tubes with HOPG samples of an approximate size
10&(4)&0.1 mm and A1C13 powder were sealed in a C12
atmosphere for intercalation. In order to prevent any
deterioration of the samples, the experiments were carried
out on the same sealed tubes. We have noted severe
changes in the CCSR when samples were exposed to air,
methanol, or even a 95 vol % argon atmosphere.
The stages of the samples were determined by x ray, us-
ing a molybdenum source tube and measuring the (001)
diffraction pattern of the Ka radiation in a conventional
0—20 scan. CCSR experiments were carried out in a con-
ventional Varian Associates E-15 X-band reflection spec-
trometer. A standard 100-kHz TEIO2 room-temperature
cavity adapted to a cold nitrogen gas-flux system allows
measurements from .100 to 300 K. The samples were
placed inside the cavity in such a way that the microwave
magnetic field (HI ) would always remain perpendicular
to the c axis. This geometry guarantees that the wave
penetration is in the c axis direction and the skin depth is
governed by the in-plane resistivity p, (T). Although the
experiments were carried out as a function of the angle be-
tween the c axis and the a plane, we will analyze only the
temperature dependence of the resonance for the external
magnetic field Ho perpendicular to the c axis, because for
this orientation, magnetoresistance effects, which could
make an additional contribution to the temperature
dependence of the in-plane resistivity and diffusion time,
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are expected to be negligible. The experiments were re-
stricted to the temperature region between 100 and 300 K
because above 350 K exfoliation of the sample starts to
occur, and below 100 K the intensity of the resonance be-
comes relatively small.
RESULTS
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Figures 1 and 2 show the typical resonances observed at
room and low temperature in stage-I and -2 Alc13-GIC's,
respectively. All the intercalated samples and the pure
graphite showed a single "metallic" resonance with an
asymmetry parameter A /8 ratio greater than 2.55, which
can be therefore analyzed in terms of Dyson's theory' for
T=297 K
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FIG. 2. CCSR spectra of stage-2 A1C13-GIC: (a) room-
temperature spectra and (b} low-temperature spectra.
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FIG. 1. Conduction-carrier spin-resonance (CCSR) spectra of
stage-1 AlC13-GIC: (a) room-temperature spectra, (b) fast-
cooled low-temperature spectra, (c) low-temperature spectra
after a thermal treatment below the transition temperature (see
text).
the limit of thick samples, i.e., when the skin depth 5 is
much smaller than the thickness of the sample. "
Figures 3, 4, 5, and 6 show the experimental tempera-
ture dependence of the linewidth, square of the relative in-
tensity, and A/8 ratio and diffusion time rD of the reso-
nances for the stage-2, -3, -4, and HOPG samples, respec-
tively. For stages 1 and 7 these parameters reveal a phase
transition at 210 and 168 K, respectively, with an associ-
ated hysteresis cycle which depends on whether the sam-
ple is being quickly or slowly cooled or heated. All the
details about this hysteresis cycle have already been
described in our previous work. Figure 7 shows the tem-
perature dependence of the resonance parameters for the
stage -1 sample; for stage 7, see Ref. 7. Within experi-
mental accuracy no temperature and stage dependence
was observed in the g value for any of the intercalated
samples, (g =2.0035+0.0006).
Figure 8 shows the g value and linewidth anisotropy of
the resonance at room temperature for HOPG. Table I
shows the parallel and perpendicular g value, linewidth,
A /8 ratio, diffusion time (rD ), and square of the relative
intensity of the resonance at 290 and 100 Il for stage-2,
-3, -4, and HOPG samples. The anisotropy observed in
the relative intensity and diffusion time at low tempera-
tures is currently .the object of a systematic study by our
group and is planned to be published elsewhere.
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FIG. 3. Temperature dependence of the resonance parame-
ters in, stage-2 AlC13-GIC: (I) linewidth, (II) square of the rela-
tive intensity, (III) 2/B ratio, and (IV) diffusion time. The
solid lines are a guide for the eyes.
FIG. 4. Temperature dependence of the resonance parame-
ters in stage-3 AlC13-GIC: (I) linewidth, (II) square of the rela-
tive intensity, (III) 3/B ratio, and (IV) diffusion time. The
solid lines are a guide for the eyes.
ANALYSIS AND DISCUSSION
A.ll of our AIC13-GIC's show, at room temperature, a
single isotropic resonance line (see Figs. 1 and 2) with an
intensity approximately 5 times larger than that corre-
sponding to a comparable sample size of HOPG. This
difference can, in fact, be roughly accounted for by a fac-
tor of 10 coming from a higher conduction-carrier density
and a factor of —,' coming from a shorter skin depth in
GIC's. %'e can therefore argue that the observed reso-
nance comes mainly from a system of unpaired spins as-
sociated to the conduction carriers (holes in our case)
created during the process of intercalation. Pietronero
et al. ' and Shieh et al. ' have shown that this "extra"
carrier density is not uniformly distributed along the c
axis, being more concentrated where the carbon layers are
bound to the intercalated layer.
%'e are going to analyze and discuss, in turn, the experi-
rnental behavior observed on the g value, linewidth, inten-
sity, and line shape of the CCSR in HOPG and AIC13-
GIC's.
The g value
In HOPG we found that the CCSR g-value anisotropy
(see Fig. 8) and its temperature dependence were in agree-
ment with the data of Wagoner. As Elliot' and McClure
and Yafet' have pointed out, this behavior is characteris-
tic of conduction carriers occupying states with energies
near a point where bands are degenerate. For the magnet-
ic field along the c axis, they show that the spin-orbit cou-
pling lifts this degeneracy and gives the appropriate g
shift and temperature dependence in the limit of high
temperature (T) Tz-200 K for graphite). The band
calculation of Slonczewski and Weiss' for pure graphite
actually shows the existence of such a degenerate band
along the reduced Brillouin HAH edge near the Fermi
level.
Within experimental accuracy, Table I shows that upon
intercalation the g value becomes isotropic and the mea-
sured values are close to the g value in HOPG for the
magnetic field perpendicular to the c axis. This is in gen-
eral agreement with previously published data on CCSR
experiments in donor and acceptor 6IC's. ' This
behavior is consistent with the dilute model for GIC's'
where the increase in the carrier s density upon intercala-
tion wi11 only shift the Fermi level away from the degen-
erate band of graphite. Thus, the effect of the spin-orbit
coupling will be expected to have little influence on the g
value because, as for the perpendicular g value in HOPG,
the small orbital contribution comes only from the admix-
tures of the m with the excited o orbitals via spin-orbit
coupling. '
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FIG. S. Temperature dependence of the resonance parame-
ters in stage-4 A1C13-GIC: (I) linewidth, (II) square of the rela-
tive intensity, {III) A/B ratio, and {IV) diffusion time. The
solid lines are a guide for the eyes.
FIG. 6. Temperature dependence of the resonance parame-
ters in highly oriented pyrolytic grapkites (HOPG): (I)
linewidth, (II) square of the relative intensity, (III) A/B ratio,
and (IV) diffusion time. The best fit of the linewidth in (I) gives
AH —T . The solid lines are a guide for the eyes.
The linemidth
b H(T)= ( Qg )2Q~2
ym*p( T)T
The main features of the CCSR linewidth for A1C13-
GIC's and HOPG are summarized in region I of Figs.
3—7 and 8(b). We attribute the observed anisotropy of the
linewidth for HOPG to a "mosaic effect, " i.e., along the
directions where the g value shows the maximum angular
dependence, it is expected that the linewidth will be inho-
mogeneously broadened due to a small misorientation be-
tween different mieroregions of the sample.
The temperature dependence of the linewidth for
HOPG can be understood in terms of Elliot's theory' for
spin-lattice relaxation through lattice phonons scattering
via conduction-carrier spin-orbit coupling. For tempera-
ture well below the Debye temperature' (8D-400 K for
HOPG) Elliot's calculation leads to the following tem-
perature dependence of the linewidth:
semiconductor»ke T law; therefore, the expected
temperature dependence for the linewidth is of the form
AR(T)-T ' . With'in the aceuraey of the experiment,
the dashed line in region I of Fig. 6 shows that the
linewidth actually follows approximately a T '~ law.
This supports the applicability of Elliot's theory even for
two-dimensional conductors.
The experiment shows that upon intercalation with
A1C13 molecules the temperature dependence of the
linewidth does not follow a T '~ law for any of our
GIC's. Furthermore, for the stage-1 and -7 samples the
linewidth shows a phase transition at 210 K (see region I
of Fig. 7) and 168 K (see Fig. 2, Ref. 7), respectively. For
GIC's the Debye temperatures are smaller
(200 &OD &400 K)' than that of HOPG, and therefore
the approximation T ~&OD does not hold and the tem-
perature dependence shown by Eq. (1) may not be the ap-
propriate one. In particular, for T &&OD Elliot's theory
leads to a linewidth of the form
where Ag is the g shift, OD the Debye temperature, y the
electronic gyromagnetic ratio, m* the carrier's effective
mass, and p(T) the carrier's mobility, which we shall as-
sume for the moment to be mainly given by the in-plane
mobility. The in-plane mobility for HOPG follows a
~a
ym p(T) (2)
where the temperature dependence of the linewidth is
determined by the temperature dependence of the carrier's
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TABLE I. Conduction-carrier spin-resonance CCSR parameters of AlC13-GIC's.
Stage HpC
Hp//c
Hole
T (K)
102
102
g (+0.0005)
2.003S
2.0031
2.0041
2.0034
AH (G) '(+0.5)
4.3
5.9
4.5
5.5
A/B (+0.4)
6.7
3.1
6.7
4.3
~D (10 sec)
2.22
18.87
2.12
5.81
Intensity
Anisotropy ( +0.1)
I i)(290 K)
=0.9Ij (290 K)
I
I I
(100 K
=1.6
Ig(100 K)
Hpi ic
Hole
295
101
2.0037
2.0032
2.0041
2.0039
2.5
5.0
3.1
6.0 4.81
1.74
3.55
0.54
I))(290 K)
=1.1I l(290 K)
I~~(100 K)
=0.8Ii(100 K)
Hof ic
Hole
291
101
291
102
2.003S
2.0027
2.0041
2.0032
3.9
4.3
3.8
6.5
6.0
6.5
8.4
2.57
2.79
2.50
1.25
I(((290 K)
=1.1Ii(290 K)
I()(100 K)
=1.0Ij (100 K}
HOPG Ho
I ~c
Hole
290
98
298
105
2.0480
2.1121
2.0022
2.0021
4.0
14.0
2.5
3.7
5.0
4.0
3.4
4.1
25.00
9.52
sible for the motional narrowing of the resonance
linewidth. Below the transition, for the fast-cooling case,
an "ordered-solid —like" phase would be obtained [region I
of Fig. 7(a)] with the striking property, that for different
thermal treatments, it would be possible to obtain dif-
ferent values for the residual linewidth [region I of Figs.
7(b) and 7(c)]. We have attributed this to a transforma-
tion of this low-temperature ordered-solid —like phase into
a different thermally activated "disordered-solid —like"
one. The thermally activated process could create types
of defects such as Frenkel's in the ordered-solid —like
phase, leading to a lower carrier mobility. A pinning of
the intercalant molecules to the carbon atoms may be the
mechanism responsible for their strong influence on the
conduction-carrier mobility. Obviously, x-ray experi-
ments as a function of temperature are needed in order to
characterize more precisely the nature of this transforma-
tion, which probably could also be originated in a
commensurate-incommensurate phase transition. Order-
disorder transformation in the stage-1 A1C13-GIC has also
been observed at about 210 K in specific-heat experiments
by Baiker et al.
The intensity
Region II of Figs. 3—6 shows the temperature depen-
dence of the square of the relative resonance intensity for
stages-2, -3, -4, and pure graphite samples. As we men-
tioned above, the experimental results indicate that the
thickness of the samples has always been much larger
than the skin depth. Therefore, the intensity of the reso-
nance will be proportional to the skin depth and, conse-
quently, the square of the resonance intensity should scale
with the in-plane resistivity. For GIC's the carrier's den-
sity of states at the Fermi level can be taken to be tem-
perature independent. ' Thus, the temperature depen-
dence of the in-plane resistivity will be determined by the
temperature dependence of the square of the relative reso-
nance intensity only,
r'(T)
p. (280 K) I'(280 K) (3)
The experimental points in region II of Figs. 3—5 actu-
»iy folio~ the typical temperature dependence of the in-
plane resistivity usually measured in acceptor CHIC's,
and also predicted theoretically by Pietronero and
Strassler for the scattering of the conduction carriers by
both the phonons of the graphite layers and the modes of
the charged intercalating molecules.
Similar to stage 7, the stage-1 sample shows a hysteret-
ic behavior in the resonance intensity around 210 K (see
region II of Fig. 7), which we have already attributed to
an order-disorder —like phase transition. According to
Eqs. (2) and (3), the change in the linewidth should scale
with the change of the in-plane resistivity at the transi-
tion. Thus, the observed 25go change in the linewidth
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should involve the same change in the square of the reso-
nance intensity. Within experimental accuracy we can see
that, in fact, these changes scale with each other at the
transition (see regions I and II of Fig. 7), demonstrating
that both of these changes are caused by a change in the
in-plane mobility of the conduction carriers. Also, within
the accuracy of the data, none of our samples showed the
quenching effects reported for low-stage acceptor GIC's,
where a clear increase of the in-plane resistivity was ob-
served after the sample quenching.
Due to the low Fermi temperature in HOPG ( TF—200
K), the analysis of the resonance intensity becomes slight-
ly more complicated in this case, because the effective
density of unpaired spins g is expected to be, in principle,
temperature dependent. ' Consequently, the temperature
dependence of the resonance intensity. will not only be
determined by p, (T), but also by the temperature depen-
dence of the Pauli susceptibility Xo—p g~/K~T. There-
fore, in this case we decide to extract the temperature
dependence of the effective density of unpaired spins
g(T)/q(280 K) from the intensity of the resonance and
the in-plane resistivity measured by Spain et al. ,
g( T)
g(280 K)
[T/(280 K)][I(T)/I(280 K)]
[p, ( T)/p, (280 K)]' (4)
In Fig. 9 we plot the data obtained according to Eq. (4).
The best fit to the data (dashed line) is obtained for
q( T)/q(298 K) =0.26&&10—'T+0.25 X 10 'T',
where the quadratic term gives a negligible contribution in
the temperature range of our experiment, indicating that
the spin susceptibility Xo is practically temperature in-
dependent between 100 and 300 K. Also, for the tempera-
ture region considered in the present work, our fitting pa-
rameters are in reasonable agreement with those given by
Wagoner and those available from other experiments.
The line shape
The shape of the observed resonances in all our experi-
ments are typically Dysonian-like with an asymmetry pa-
rameter, namely the A/8 ratio, larger than the diffusion-.
less limit rI/8=2. 55 (see Figs. 1 and 2). According to
Dyson's theory, ' this indicates that the resonant spins are
diffusing across a skin depth which is smaller than the
thickness of the sample. For this limit and using the
analysis given by Feher and Kip, "we can obtain the dif-
fusion time rD from the line shape of the resonance.
As we mentioned above, for the geometry adopted in
our experiment, the skin depth is governed by the in-plane
resistivity; then, according to Khanna et al. , the dif-
fusion time will be determined by the in-plane and the c-
axis resistivities
N(EF)e c
p, (T)p, (T),2&&
where N(EF) is the carrier's density of states at the Fermi
level and co the microwave frequency.
For GIC's the density of states at the Fermi level can be
considered temperature independent' and even for
HOPG we have seen above that the spin susceptibility Xo
does not depend much on the temperature. Therefore, the
temperature dependence of the diffusion time will be
mainly determined by p, (T) and p, (T). Regions III and
IV of Figs. 3—6 show, respectively, the temperature
dependence of the measured 3 /8 ratio and diffusion time
for the stage-2, -3, -4, and HOPG samples. The
evaluation of the diffusion time already includes the small
temperature dependence of the linewidth.
It is interesting to note that from Eq. (5) the tempera-
ture dependence of the c-axis resistivity can be determined
from the temperature dependence of the diffusion time
and the in-plane resistivity, which are obtained from the
line shape and intensity of the resonance, respectively i.e.,
I.O—
09—
p, (T)
p, {280K)
rD(T)/rg)(280 K)
p, ( T)/p, (280 K)
rD(T)/rD(280 K)
I (T)/I (280 K)
0.7—
0.4—
=0.26xlO 7+0.25x IO 7
n {298)
IOO
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TEMPERATURE (K )
FIG. 9. Temperature dependence of the relative effective
density of unpaired spins for HGPG. The dashed line is the
best fit to g(T)/g(298 K)=aT+bT .
Figure 10 shows the obtained temperature dependence
of the c-axis resistivity for the stage-1, -2, -3, -4, -7, and
HOPG samples. The results suggest a thermally activated
process for the c-axis conductivity, probably a hopping-
like mechanism. Unlike the results reported on other
low-stage acceptor GIC's, ' the observed negative tem-
perature coefficient indicates that in the studied tempera-
ture region the contribution from narrow highly conduct-
ing channels along the c axis can be neglected in our
AlC13-CHIC's. We would like to point out that due to all
the inherent difficulties associated with the determination
of the A/8 ratio and intensity of the resonance, the
scattering of the data is rather large, making the method
appropriate only for samples where the c-axis resistivity
changes at least by a factor of 2 between room and low
temperature (stages 1, 2, and 4 in Fig. 10).
Finally, regions III and IV of Fig. 7 show, respectively,
the temperature dependence of the A/B ratio and dif-
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FIG. 11. Temperature dependence of the relative e-axis resis-
tivity for stage-1 AlC13-GIC. Curves a, b, and c correspond to
curves a, b, and c in Fig. 7, respectively. The solid lines are a
guide for the eyes.
fusion time for the stage-1 sample. It is evident from the
data that the diffusion time is also affected by the phase
transition at 210 K, producing the same kind of hysteretic
behavior as that observed for the hnewidth and intensity
of the resonance. However, the change in the diffusion
time at the transition is much larger than the change
predicted by Eq. (5) if the phase transition were to have
only involved a change in the in-plane resistivity, which
we have already estimated to be of the order of 25% from
the observed changes in the linewidth and intensity of the
resonance (see above). Therefore, we believe that the
change in the diffusion time at the transition is mainly
caused by a change in the c-axis resistivity. Figure 11
shows the temperature dependence of the c-axis resistivity
for this sample, which was obtained in the same way as
was done for the data in Fig. 10. Cooling the sample
quickly [Figure 11(a)],p, (T) shows an increase similar to
that of stage-2 and -4 samples, but when the sample is
heated from the lowest temperature, p, (T) describes an
hysteresis cycle, taking, at 210 K, values close to its
room-temperature value, which is also comparable to that
of the HOPG. ' lf the sample is now cooled from this
temperature, p, (T) remains approximately at those values
even at the lowest temperatures [Figs. 11(b) and ll(c)],
giving a c-axis residual resistivity which is about 10 times
smaller than that obtained during the fast-cooling process
[Fig. 11(a)]. Now if the sample is heated above the transi-
tion temperature, p, (T) increases and goes back to the
original curve. Note that the large change in p, (T) is also
obtained during the slow-cooling process [Fig. 11(b)].
The observed behavior in p, (T) for the stage-1 sample
gives us some idea about the possible nature of the phase
transition. The combined effects of a broadening of the
linewidth and a sudden decrease in p, ( T) at the transition
induce us to disregard the possibility of a stage change.
Although in acceptor GIC's a transformation from stage
1 to a higher stage would involve, in general, an increase
in the c-axis conductivity, in agreement with our obser-
vation, the associated broadening of the linewidth yields a
lower in-plane mobility [see Eq. (2)], contrary to what is
expected for higher-stage samples. ' Therefore, we believe
that the decrease in p, (T) at the transition can be attribut-
ed to the same thermally activated process, that, during
the heating of the sample, the in-plane order-
disorder —like transformation of the low-temperature
ordered-solid —like phase originates, allowing the forma-
tion of highly conducting channels along the c axis that
short-circuit the "extra" c-axis resistivity. This is prob-
ably more evident from the temperature dependence of the
conductivity anisotropy [o,(T)/o.,(T)]. For the fast-
cooling process we can estimate from region II of Figs.
7(a) and ll(a) that the anisotropy of the conductivity at
low temperatures is approximately 60 times larger than its
value at room temperatures. This behavior is commonly
observed in acceptor GIC's, where an increase of the in-
plane and a decrease of the c-axis conductivities toward
low temperatures is expected. However, if the sample is
now heated up to temperatures around the transition and
then cooled down again, such that the c-axis resistivity
takes values corresponding to curve c in Fig. 11, the value
obtained for the anisotropy of the conductivity at low
temperatures is now only 2 or 3 times larger than its value
at room temperature. This clearly indicates that the po-
tential barriers created by the intercalant-charged mole-
cules and their pinned screening charges, across which the
conduction carriers have to be thermally activated in or-
der to make a contribution to the c-axis conductivity,
have been short-circuited. Therefore, we believe that as
the temperature gets close to the transition temperature
from either side, the thermal disorder introduced in the
low-temperature ordered-solid —like phase of the inter-
calate molecules affect these potential barriers in such a
way that highly conducting channels along the c axis are
created.
CON CI.USIONS
For the experimental conditions used in this work we
have shown that CCSR is a powerful technique which can
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give valuable information about the charge-transport
properties in GIC's and HOPG. In particular, if these
transport properties are affected by any kind of phase
transition experienced by the intercalate molecules or
atoms, CCSR can help in the characterization of such
phase transitions.
Although the information obtained in a CCSR experi-
ment does not allow us to determine the absolute values of
most of the transport properties, we believe that the mea-
surement of the temperature dependence of these proper-
ties is very important to the understanding of the mecha-
iusm responsible for the charge transport in GIC's. Ef-
forts are currently being made by our group to determine
if, for HOPG, it will be possible to measure the absolute
value of the c-axis resistivity from the analysis of the
CCSR line shape as a function of the thickness of the
sample. The results are in progress and are planned to be
published elsewhere. '
Finally, we would like to comment on the different
transition temperatures observed for stage-1 (210 K) and
stage-7 (168 K) samples. We simply argue that due to the
huge effect observed in p, (T) at the transition we believe
that the stage-1 sample undergoes a transformation which
involves an interlayer coupling between the individual in-
plane transitions of the intercalate molecules, requiring,
therefore, higher temperatures than those corresponding
to the stage-7 sample, which will probably involve only
uncorrelated in-plane transformations. It is interesting to
note that the transition temperature obtained by CCSR
for the stage-1 sample is in agreement with that observed
by Baiker et a/. in specific-heat experiments. Also, their
specific-heat measurements as well as our CCSR experi-
ments did not show any indication of a phase transition
for the stage-4 sample.
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